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£ 3 

MIM 7«l3sflAlB], ZL 



43-3 



1020020063477 #^ <^;^1-: 2003/9/8 

S ^{Metal-Insulator-Metal capacitor having high capacitance and integrated 
circuit chip having the same} 

£ 3^ ^ ^^S^ ^11 ^Alo^jo]] tc)-^ MIM ^sflAjE-io] -f-7>2lSS.olr:f. 
£ 4^ £ 3^ ^11 ^Ajc^loll rcj-s. MIM 

i£ 5 ^fl^l :£ 7^ £ 4^1 sllolo>6.^ A>-g-*H n^^^ MIM ?l5iflAlEiol 

£ 8^ £ 3^ ^11 ^Alo^lofl tc|-s. MIM ?l3r|lAlEl» ^^*>7l ^tlr ^12 ello] 

£ 9 i^^l £. 11^ £. 8^ ^12 5ll<5lc>>^^ ^>^*><^ T^^tb MIM 

5. 12 ^ S. 13^ £ 3^1 ^11 ^A]c:^l<H] a)-^ MIM ^sflAjE^l- ^^^fy] 
^13 ^ ^14 Bll<^lo>:^l-o]i:f. 

14^ ^ ^12 ^Al<^lo11 4€- MIM ?^5flAlElcq ^7VslS.£olc]-. 
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£ 15 ^ £ 16^ £ 14^ ^12 ^A1<^]<^1 ixl-€- MIM T^aflAlEil- ^^^>7l ^ 
^ ^11 ^ ^12 5l]o]ol.o.=.oicV. 

H 17 vfl^l £ 19^ £ 15 ^ S. 1621 ;^ill ^ ;^12 2llol<^>:^* >^>-8-*><^ 

£ 20^ ^ ^^S^ ^13 -MAlc^lofl rc|-^ MIM tS^AaIbIsI ^7}3\S.^o]z\-, 
£ 21 ^ 22^ £ 202^ ;^13 ^Alc^jo]] 4=. MIM ^^^}7] 

£ 23 ^^1 £ 25^ £ 21 ^ 222] ^jl ^ :^]2 ^}-%-^}^ T^^^ 

S. 26 i^^l £ 29^ S. 5<H1 S.^]^ MIM T^sflAjEi^:) ^^^l-7l 

£ 30 ^ £ 31^ iE 6<^1 £^1^ MIM T^sfl^lBl* ;*il^^>^ «o^^* ^^^l-7l 

£. 32^ :£ 25<H1 S.^]^ MIM ^^aIe^I- ;^1ss>^ ^^^^ ^^^>7l ^tb ^ 

112, 212, 322 : wfl^ 120, 220, 320 : 
130. 230, 330 : -fr^^m- 140, 240, 340 : 
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^ ^^-^^^1-^^(<^1*> MIM) THsflAlE] 

T^sflAlE-l^ n i^Sofl M0S(metal-oxide-silicon)^3flAlEi, pn 

^4^1^-1, 1-b1^b^^-^<?!^1-€b1^h1^(PIP) THsfl^lB-l. MIM ^^^]^ ^ 

tb^ ^^^^ ^e)^* ^V-g-tlrCf. n&luj- 

^ ^^oil Hl-olo:|>^^(bias) ^-a-^ ^7>^l-5i^ ^-f<>fl^ (depletion) 
^^^5s:>ji, ^<a-ol ^o>;g^>7ll ^o] ^^^]-7fl ^^4. 

^, ^<a-/^£<=^l n^^- ^, ^<a-;^]^( volt age coefficient) 

^-£7jl^(temperature coef f icient)7l- MIM ?l3flAlE^7]- x^^a^tb ^^V^d"^ 

^ £^ ^S. ^ ^ ^(SOC) -§--§- ^-g-^lJl 

9X^. -^^'Jd -^^^ <^}'^S.ii ^^(mixed) S-:b -§-g-ofl 

^-g-s]^ <il-^S.ZL T^aflAlEi ^Ei. Tjflo] -^qnCmain process 
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unit) S.^^ t^^Sl-^ (decoupling) ^^-^lE]. RF TSafl^lEl, «aHfl 

i^J^(embeded) DRAM MIM 7i2flAlEl7> ^-§-i^)Jl 9X^. 
<23> nsitil ^Efls] MIM ^541^1^1^ T^^^tl 9m o^s] 

7>^1 ^^1^^ i^#^>Ji ^rq-. MIM T^^^lti^ ^^3E7l- £ 

1(R. Liu et al., Proc. IITC, 111 (2000)) ^ £ 2(M. Armacost et al . , Proc. 

lEDM, 157 (2000) )'^1 £Al5l<>| ^j^cf. 
<24> IE 1 ^ £ 2<^lAi 10 ^ 12^ MIM tSsDaIe^I-, -^s 20^ 

30^ -^^^1^^. 40^ ^^4r, 50^ C/P_20^ ^> 

^ ^-^ C/P_40^ ^sl:^:!-, C/H^ 

D/D_20^ ^^sf ^#*>^ uflAl o.^ D/D_40^ ^^2)- 

^'i ^^>^ wfl^*. D/R^ cf^V^ H-Bl-t^cf. M-i^^l ^2: 

<25> IE 1^ MIM ^n^]B\(lQ)o\ :^^6]]^ ^^(40)c]l ^<y.^ 017].^]. 

7l ^t!: «ll^(T^l£^l)^ ^^(40)<^1 #Slii(C/P_40)<Hl 2l«fl 

^71^ o.^ '?^€€i=f. icl-el-^i, #2-1^(C/P_40)7> ^A^m 

(C/H)^^^ ^^^A] Aiz| ^^(40)^ ^^^^>7fl S€^>7l7> 

<=HB^^^^i €^(40)* ^^^1 ol^o.S. ^^^*H<^> ^rf. zi^c-fl ^ 

^(40)^ ^^17> ^^(40)* 4B^^^>7l ^tb .J^z]- ^^A] 

^ ^^^1^(30)0] oifs ^z^- ^:^^6\] h^^^o] A]^ ^-foim -H-^^fl^(30)ol ^ 
z]-£)oi b:>:^ ^^(20) ol j=e^u)-7ll ^cf. ^^e^-Ai -^^^l^(30)ol 
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y\ ^t!: cfi^}^ til)'?d(D/D_40)ol >S-¥- ^^(40)3if ^7]^^S. ^^£l<:H 

014. nj-e^A] :^cg cVp>a1 h]1^(D/D_40)<^1 cf^>^ '^^(D/R) 

A]^ Aiz]- p>^ ^jy.* ^^(40) ^ -B-^^l^(30)^ ^^17> 

ZL5]JL, :£ 1^ MIM ^IsflAjEKlO)^ *>-^ l-s^^(C/P_20) 

^ ^^-^ l-5-i^(C/P_40)7l- cfe ^ojo) J7. ol^:^HWl^ 71- 

^1^ ^^*(C/H) vflofl ^^^slJi, £ 2^ MIM ?1341A1E1(12)S1 ^^ofl 
-a^HV^I ^tb Hll'id(D/D_40) ^ ^^<H1 ^ 

<a-# <y7H>7l ^th ■n-'l ^-1^1-^ tifl^(D/D_20)ol cfs ^ojo^ ji ol^:dj3 

«]» 7>^1^ t4^>Al cg^(D/R) ifl<^l o]^ s^^(c/H) ^ i:l-p>Ai eg 

^(D/R) JEEtl: -§-<^l*>^l7> ^cf. #^*(C/H) ^ t:fTi>Ai eg 

^(D/R) ^1 ^^5^>fe ^<^1 ^ 

^l-o] ^cf. ^, #Hfl^ MIM ?l3flAlEi A] ^^oto] 

tcl-sjL n ji ?l3i(|Alii>^o^ TliillAlBll- ^^*>^c^l t!:^l7> Slrf. 
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<29> ^ ^t^o] ol^JL>^> 7]^^ ^^]^, ^ ^^^]^^^ MIM TS^flAlE-ll- 

^7>5ll^, >a-f- ^^J-^ 9l7}t}7] ^tb Hfl^^ Sll^ 

<32> ^ ^tgo^ ^Al<^]oil irf^ MIM TH^^I^i^ 7]:^ -^ofl ^<?1^<H ^ 

^11 ^^<^1 tl7>5]^ m WB^4 ^12 ^^o] ol7l-£l^ ^12 Hfl^, ^1-71 

^ ;*I12 Hfl^a^cf ell'i<5l3i, >S-7l ^11 wfl>?d4 ^7] ;^12 «fl>*i2}- ^ 

<33> ^ ^1^51 >112 ^^1<^1<H1 tc)-€- MIM ?l3flAlE^^ ^«g-ol ^7>5]^ «fl 
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<34> ^ ^x^o] ;^]3 ^Ajo^lofl itj-s jjjj, ^afl^^e^- ^oj-o] <y7l-5]^ Hfl 

<35> ^7] c].s. 7]^^ ^>§^>7l ^^2]^ -^^tb ^^1<^1*<^] 

4€- MIM TH^flAlE^* 5L^*>^ ^^M. 

<36> 7lBl- ^Alc^js-o^ ^^1^^ A>*J-1-^ ^ £.^1-<^1 i^il<H 9X 

<37> Ol^l- %1-2:S>C^ ^ ^tgoll MIM T^SflAlE^ ^ H 7^]^ 

'^<H] ^Ai<^i§^ ^'^g^cl-. ^eiM- ^ <^l3rHl^i 7llAlS)^ ^^]^]^ 

tb^^^ <i>Me^- HS. cf'a=tb ^<^1^, ^^1 ^ ^^1 

<=^1*^ ^ 7^^]7} ^^*V£^ ^^1-^ ^1^^ 7}^ 7\o\]7\] ^Vx^S] 

^ ^^^m. £ia<^i^i ^ # ^ s-oj ^ -^1- ^t^^ ^o^^ 

<38> ^ ^^Sl MIM ?13I|1/.1E-1^ -^-f. ^^ofl ^i;^^:) ^oj-o. ol7].§].7] ^ afl^ 

'^l ^-^4 efl^ ^>:^ ell^isl Hfl^o.^ <^1^<^;^ ^cb. 
<39> £ 3^ ^ ^^^^ m t4€- MIM ^S^^l^idOO)^ ^7}s\S.^o]v^^ 

MIM TSs^AlEldOO)^ M„ 511 ^^:2b Mn+i -^^-f- ^^^S. 
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Mn-l afl^^ ^12 ^<a-(V2)«^l "?l7mi:f. ^ ^^^lAioflAi Mn-1 ^^1 

Mn+1 ^ n-1 i^^l n+1 ^^(n^ ^^)^ wll^#(interconnenct ion layer)^^ 

^l-C.l(Vdiff = I V2-V1 I )^ ^>7l '?>^Al^Cl-. 

<4i> [^n^ 1] 

<42> Q = CVdiff 

<44> ^, MIM ^l^flAlEiol] ^*>^<H1 ttl-ej- Vdiff^ ^el-^ ^ ^cf. 

<45> -f-^^-il ^y^M 9X'=>]^^^ Vdiff^ ^'a-(Vdd)3f ^x^l ^Hl «fl 

<46> £ 30^ :^7>^S£.S S.^]^ ^ ^Alc^loil rc|-^ MIM 7^3iflAlE-1 

(100)^ -£ 4^4 ^11 ellolo>-o.^ ^ XI 1=1-. -£ 4<^lAi 112^ 

^11 ^'a-(Vi)<5l 'il7>£l^ ^3U^ 3(1^^, 114^ ^12 ^'^-(¥2)01 ^7>£l^ }i\]2 
120^ 140^ 3fl^^, C/Hl^ n 
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£ 51- ^Ss:>ia, ^^(140)^ ^^(120):2|. ^i^^slHS. ufl^is) 

9X^x^. ^ ^-^(120. 140) ^ A>oloil 130)0] 7ll^fls1<H 

MIM 5S3flAlE-l«- ^^i^}jL 9X^. -e-^^l^dSO) n^^S\o] Bfl>«d(112)^ 

^#^1^1^ ^^*(C/H1)* ^^(140)^1 ^11 ^'a-(Vi)ol ol7Vs]^ 

vW^ai2)3}- ^ ^^-^l^i ^^^S)^ e^*(C/Hl)^ 

9^^^^^■ ^^(140) ^<=^i 

^1^1^ MIM ^3£|)AlEK£ 1 ^ £ 2 ^^^(c/H) SE^ iil-p>Al <^ 

^(D/R)3i|-^ 7ll^ajo.s. ^^^1 t\.^ ^ojcf. §^*(C/Hl)ol -^^^1 
^(130)^ ^^7} ^7] nfl^oi] ^^^(c/Hl)^ ol.±:^HHl7> ^cf. ni^e)-^-] , ^efl 
ji o1>i:iiHtil# 7}^]^ ^^^(c/H) cfp>^ <^^(D/R) ^^i^] ^^S^^ 

^^(140)^ Mn+1 ^>^^£lJl ^11 Hll>a(112)^ Mn-1 

sfl^^ ^^J^c]-. ^, ^1-^ ^^(120)^ Mn £^#-2.5. 

^11 tiflAl(ii2)4 -^^^ Mn-1 ^1^^ £^#-^5. ^A^SlJl ^<a-(V2)<^l 
"^I^l-:^^ ;5ll2 Hi] ^(114)31)- 2]^^o.^ 

«}-^^*]-7l^^. ;^ll tifl-{d(112) ^ ;^12 wfl^(114)^^ ^^S^ ^l3:5|-€ 

^11 tifl^(112) ^ ;^12 wfl'JddU)^ #^^«?i^(105)vfl<^l ^^^^ S^^ldi, T2) 
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vfloil J£^^* ^ o]^ 5|-«h7l^l^#el'^c!(olsr> CMP) ^^ofl o^«fl ^E].^ 

s^><^ f^^^^^^dOS) i^<^l 'yuflcl^ (embedded) € ^-^V^ afl^-^^ T^^^tlrC]-. ^ 

(damascene) wfl^^ ^^1^"?] ^ci"^^ ^l^l- «o^^ 
*1 ^^tb^. cVtiV^ wfl^^ a^l^ <g-^ ^cflSSJf :^ol tii].y '^^ol ^ 

H^^KTi, T2) ^ ^ «>^^<^1 ^^^(110) ^ 

H^^KTi, T2)* iE^B]-( 111)0.^ ol^oJI^c^-. 

^^(140)^ ^si-(^i£^i)#^^ ^«fl 

SZi=f. ^-f- #^^<a^^ ^^-f- ^^(140)^ -a-^s^>7l ^tb ^^^^ 
(150) 5^ 155)0.^ ^o] wl-^3i;5r]-cf. 

^11 «fl'a(112) ^ m n^(lU)s\- cf^ Bfl^f^^^ ^SL ^ 

a, ^-f- ^^(140)3)- ^^(i20)s] a7i^ z\- <^^^n<=>]^'^] ^■ 

7>^t!: TSsfl^lBl -a-JL ^^-^^ ^-§-^>^ ^^( 140)3!]- 

^^(120)^ ^tfl^^^o] ^cfl^£)£S. ^;=g^cl-. 

^^tb 5. 5^ ^2^^ ^<a^(105)^ CW^-^ m wfl'$d(112) ^ ^12 wfl 

^(114) ifl^^ ^Ib^^ ^-ii^dOS) vH<Hl <yti1]t:1=Al7q ^^>1- 

^S. 9X^. i}^ #^^^^(102) ^^^^ ^, oll- 

^V^ ^^-^S- sflEi^^H ^11 wl]Ai(ii2) ^ ;ill2 «fl^(114) 
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ojo^Ai, ^^mi05)* ^^*>al «11^(112) ^ :42 «fl^(114) ^ 

^*?i^i-(105)^ CMP ^M-^^S. ^><^ CMP ^11 
till^(112) ^ ;^12 Hll>Jd(114) s^m^ ^^<^1 ^^^^ ^'S^'^l 7l 

S. 7* ^S*>^, til]^(112) ^ >H12 tifl^ClU)^ ^^17> ^o>A-l 5g^2). 
7> ^7m, ;^fll till'Jd(112) ^ >I12 «l]'Jd(114)sl ;^7l^ ^.^J 

^^•^l^i S."^^] Tl^x] ^jL ffljis]^ ^o] ^^m. ^-f<^l^ CMP 
^-§-^>^l MIM ^sflAlEil- m «11^(112) ^ ^12 afl 

'JdClM)^ #^^^^H102) ^Hl 3flE^^«^l Hfl^ sfl^s-olrf. 

ZlBlJl, ^^(120)^ ^11 ufl^(112)2|-^ ^BlSlJi >112 «fl^(114)5i|- 

^S. ^#s:>£^ sflEl^^cV. ^11 ^W^aW^ ^^(120)^ ^<tl 

-6-^^l^^(130)<^l M-H^l T^S^ :£ 5^1- ^<a^>cf. 

£ 8^ JE 331 K^]^ ^ ^^9] ^X\^]ci\]. vc\.^ MIM 

^^ 2fl^(C/H2)* ^Hl^cf^ ^ofl 421 ^11 5llol<^>^4 7.}o]7} 

£ 8^ ^12 efl<^l<>>:^^ ^>-g-*>«^ MIM 4^1^121 >|12 

&fl<^l*^l-*^ B-B'-Jd^ 3E 9 tfl^l £ 112)- :^ol cfoj:^ ^ 

S. 9-1- %^S*>^. §>-^ ^^(120)^1 ^ ;^12 «ll'«d(112. 114)<5l <aHflti| = 
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9X^ #^V^^^(105) ^<^] #^^^^(115) ^^^^4. 

115^ JI ^^(120)^ f^^^^^-(115)^<^l ^^^^^ ^12 afl^ClU)* 

^^*(C/H2)* wfl-iiC 114)2}- ^^*>Jl, ^^(140)«^1 

•fr^^i^(i3o) ^ #^^"3^^(115) iflofl ^^^^ ^^*(c/Hi)^ m 

n^ai2)^- ^^^^^ ^]^^}JL^ 52] ^2^9^ ^""^n^. o] ^4-ofl:£ 

^^*(C/Hl)ol -e-^^l^Hl30) m f'^^<?m-(115) tfl<^l^ 

2. 10^ ^Ssr>^, ^11 ti)]Al(ii2) ^ tifl^dU)^ ^^o] 3§^^^ 
la-a-^l *V7l ^^V^^ ^^^^^(105)* CMP^}^ wfl^(112) ^ tifl 

^(114)^ ^^^^ ^^^«?m-(105)ifl<^1 'ywflt^lJE.'^mcf^ ^<Hl^i^ £ 9SV t^V 

£. 11# ^S^V^a, ^11 wfl'a(112) ^ ;^12 Hfl-JdClU)* sflti^tl: ^ CMP^>§ 
■S: 71^ ^^ofl tq.^ ^^^^^(115)# ^^^tb ^Sel-^ ^«^^^ 

^ £ 95}- tq-eji t+rf];^! ^'a^Vtq-. 

£. 12 ^ S. 13^ :£ 3^ ^7}s\S.^S. S.^]^ ^ m ^^]<AM 4 

^ MIM tHsD^IbI 1- ^^^>7l ^13 ^ ^14 ellolo>^s.olcf. s.^^ sfl^o] 

*>i4Sl sfl^ol ol-ulsl- c1-^7fl2l sfl^(C/Hl'. C/H2')-^^ ^^^s)<^ 

$14^ ^<Hl^i m ^ ^12 eflolo>-o^ ^>o]7V ojcf. 

:£ 14^ ^ ^'^^ ^12 ^A1<^1<^1 MIM ?l3^^lBl(200)^ -^7>:gl5-£olcf 
. MIM 3^11^1 (200)^ Mn sflt^ *]-^ Mn+i Efl^iSl >S-^ ^^-^S. ^^^^ 

1=1-. M 
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n+l SfltSl ^^<H1^ Mn eil^^ ^^^^ efl'i^ Mn-i ^flt^ «11 

> n+l)s1 tiflAi o. :^«|) ^'a-(V2)<5l 9l7}^^. 

(200)^ £. 15 £ 163]- ;^ll :^]2 ^]oM^'^ ^}-%-^}<=^ 

9X^. S. 15<^]^i 212^ 41 ^'a-(Vi)ol 9l7m^ 41 220^ t}^ 

sflEi^, 240^ C/Hl^ 41 Mfl^^ i^#Al7l7l ^t!" 

* C/H3^ i^#Al7l7l ^tb M-Bi-^cV. 
£ 16^ £ 15<=>\] 9]s^X\B\o^ -e-jL ^^^S. A>^5)^ 'S^^ ^i:flS|-§>7l ^ 
^ Bll<:>lo>o.ol4. «^>-¥- 4€(220)ol A>Zl- cg^ <q«.oll t:-] 

*>i:|-. :£ 12 ^ £ 13521- T^>^7>^1S., €-mr 4^#(C/H2, C/H3)ol t^^y'^s] ^ 
4^#S. ^ 

42 ^^Ic^m ^^^>7l 41 42 4^1<^>:^tl £ 15 -£ 16^ 

AV-g-^lc^ MIM ?14^1ti^ T^S^ 41 42 4<^1^>^^ C-C'^* 

S. 17* ^Jl*>^, ^^(240)^ ^^(220)3l- ^tH^SlS.^ afl^l 

£)ol ^V-f- ^ ^#(220, 240) ^ A|-o]oll -^^4^(230)<^1 7fl4^^ 

MIM ^^^*>:il 9X^. 41 ^<a-(Vi)«^] ;*lli afl>a(212)Sl ^^"^ 

* ic#Al7l^ ^^^(C/HD* €^(240)ol 41 Hfl^(212)4 
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^^(240)^ Mn+i ^^^slJl ^11 «fl';d(212)^ 

Mn-i S.^^o^S. ^^^^cf. ^, t}:^ ^^(220)^ Mn ^]^^ £^^-2-5. 

^^^^14. ^sl^, #^^^^(255, 250) ^ -^^^1^(230) ifl<^l 

^V-f- ^^(220)^1 >^Vig^ i-^Al^]^ ^^-t-(C/H3)* Pfl^^m ^^O. 
(C/P_220)» ;^12 ^<a-(V2)^ <y7H>7l ^tb ;^12 tifl^(Mx)(T='l£^1)^ 

^^^cf. olsq- ^o] ^>«- ^-^(220)^ #s1zL(C/P_220)« -f-«fl <?^^*>c1b1- 
£ -^^^1^^ ^^^*>7l ^tt -g- ^€ 7l#^ ^ 

:£ 18^ ^11 Bfl^(212)^ ^^^o] 5§Ej-5|-^ ^^a^Hl t}7] ^t}c^ %- 

^^^^(205)^ CMP^<^ ^11 all^(212)ol ^g^^^ f':?3:^«^^(205) ^<^1 

^sojjL, :£ #^^^^(202) Al «fl^(212) 4 

^(212)2}- ^^(220)^ T^S^I-^ ^<Hl^i^ £ V7A 

i 20^ ^ ^13 '^Alc.^lo)l 14s. MIM ^7\^S.^o]t\ 

. MIM 7^3flAlEi(300)^ Mn 211^^ ^V-f- Mn+1 efl^o^ ^^^^ 

cf. Mn+1 ^^<^1^ Mn sll'isi afl^^ 

^11 ^Wi)*^! ^y^mcf. Mn sll't^ €^<^]^ Mx X > n+1)^ 

afl^^ ^^11 ^12 ^-a-CVz)^! '?]7mi:f. 
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S. 20^ ^7}^S.^S. K^]^ ^ ;^13 -^Alc^jofl 0)-=. MIM ^SsflAlEi 

(300)^ S. 21 iE^ £ 225} ;Hl2 efl*^!*^}^^ ^>-g-^H t^^^ ^ 

Sicf. H 2l<^]^^ 320^ *>-^ 322^ ^ll ^<g-(Vi)ol «?l7V5l^ ^ 

tifl-a 340^ ^-^ n^^, C/Hl^ ^11 afl^^ i^#Al7l7l ^^ 

* sfl^^, C/H2^ i^#Al?l7l yAA ^^^A. 

£ 22^ s. 2H ylefl tH^H^IbIo^ -R-Jl ^^^^ ^>-§-5l^ ^cfl^^Vy] ^ 

ell<^l<^>:^<^14. 3fl^(220)<^l A 

^Hl^>j7 e>-^ i^#A]7l7l 2l)^(c/H3)ol #-#^<^l «fl^€i=V 

s:>cf. £ 12 ^ £ 13:4 ^>^7>;^lS, ^^-fr 3^I1€«(C/H2. C/H3)ol tq-^7flSl ^ 

^13 ^^l^^ll- =t^^\7\ ^tb ^11 ^12 eflolo}^^ :£ 21 S. 221- 

^>-§-*H ^^tb MIM 71541 A] El si cl-^ ^2:^ ;*ll2 3flol6>^Sl D-D'>5d* 

^^i*^ JE 23 ifl^l £ 2531- ^<il A""^^ ^BflS ^ o;tT:l-. 

IE 23^ ^^^1-1^, ^1--^ ^^(340)^ 31--^ ^^(320) 2}- ^wl^:^iE^ afl^l 
^-^c^, -sV^ ^ ^^(320 . 340) ^ ^Vc-lofl ^^^1^(330)01 7fl7l]5]ol 

MIM 7l5inAlBl» ^^^*>Jl ^'AA. -^^^m(330) ^^^Slol yfl^(322)* 

i^#^l7l^ ^^^(C/Hl)^ -i-^ ^1--^ ^^(340)ol ^11 ^<a-(Vi)ol <(\7\^^ 
wB^(322)3il- ^^tVcf. ^^-(340)^ Mn+i efl^^ ^^^slJl ^ll 

Hfl -5^(322)^ Mn ^ll'ifil -£^#J^S. ^^^^cf. 3^]-^ ^^(320) Htb Mn eflt^ £ 
^#0.^ nel^, f^^^<S^(355, 350) % ^^^1^(330) vfl<Hl 
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s\o] t}^ ^^(320)^ §^*(C/H3)^ "fl^^V^ l-B]^ 

(C/P_320)» -i-^ll ^12 ^<a-(V2)^ 'y7>^>7l ^tt ^^^^ ^12 «fl^(Mx)(T^l£^l)^ 

«>#^*>7lS^. i5>-^ ^^(320) ^ ^11 (322)^1 

^^>^ ^ihsJ-^^oilA-l wj-^^l^Vi^. oj-BfA-l £ 23^ ^^£<^l>^i 
^ ^o] ^]-«- ^^(320) ^ wfl>a(322)^ ^^^(305)ifloil ^^^^ B^^KTb. 
T2) S.^^^ ^z^^ ^ CMP ^^<H1 cf^V^ tifl^<^li=1-. 

^ «fl^^ SAl^ ^cflisq- ^o] H^^KTb. T2)^ ^fl^ ^ wV^"^ 

•^1 ^^^^ ^^^H310) ^ H^^KTb, T2)l- ^fl^^f^ 
(311)^3. <^l^c>l^c|-. afl^(322)32|- rf^ tifl-^^^^ ^^-S <?1^ ^ 

S. 24» ^S^>^, ^^(320) ^ wl]^(322)ol t}^ ^^^^9^^ 

(302) ^^1*>J1, CMP<H1 ^«fl ^f?:^^ f'^^^^(305)vfl<^l ^ 
^ofl^H'?]: S. 234 ^-^^ T^S^ 

£ 25» ^2:s:>^. ^].«- f^:^^o^B]-(302) ^oj] j^E-l^ofl o^sfl ^a^^ ^].«. 
^^(320) ^ ^11 al]Ai(322) sfl^^ ^^^l7> ^o}X] -^-^^1^(330) ^>-f- 
^^(320)4 ^11 «fl^(322) ^7]^9l ^^9^^] 7>^*>cf^ CMP^fl 

^€ ^^^(305)# MIM tS^A^Ib]* ^£ ^i^f. 
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o]^> £ 26 £ 29» %S^><^ ^ ^^S] ^Ajc^loi] irl.^ mIM 

^o^l ^A^^ f.^ ^^^(105) vH<^l ^ ^12 afl^o] c^^^ 
^^^1-^ Biffl^l^CTi, T2)^ ^^^tb ^ ;^12 H^^KTi, T 2)^ 

^ SE^ ^<5l^^ ^ ^^l^^ S^^S. cl^<H^ ^o.^-^Ei o] 

^ ^>M-» ^^^^ ^ 9X^. <4^^, Ta^i-, TaN^, TaSiN^, TiN^, TiSiN^, WN 
^, WSiN^^ A>-g-^ ^ ojrf. ^^^(110)^ ^^'^'flA^ ^11 ^ ^12 H^^l 
(Ti. T2)<^] ^^^^^ ^x>7> ^<a^(105) ^^>£)^ ^ 

^ «oMtl:4. <^l^^i, ^^^-(110)01 ^^^^ ^ ;^12 H^^KTi, T2)» 
*1 °fl^^>^ H^^Hiii), ^]^^ ^^^^ s^^-AS.^ ^-1;^^*^- 1-^ 

^(110)0] ^^^^ ^ ;^12 H^^KTi, T2)^ wj-^-ofl Cu ^^Kseed)^- 

* ^^dttcf. 4^<^1, ^ ^]2 H^^KTi, T2)l- ^^*] "fl^*>^ Cu^(lll) 

* ^7] £#(electroplating)^<^l ^^l-o^ ^^^tbi^. 

o]o]A^ j£ 274 ^^e]-(i05)^ ^^ol ce^m-^s. 

4 ^^^(110)21 CMPS. ^^2^■t}:t:^-. ::l ^4 Mn-i ^^^<=^] «fl^ 

^H, ^^>7> til]^(ll2) ^ ;H12 wfl^(114)<^l ^^^^cf. 
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<78> Tjl^^Ai, Mn 71:^^1^01] ^ c]^ ^^o^ a1 

2\ ^^^o.^ sflEi^^H ^^(120)* ^^^^cf. ^V-f ^^(120)0) ;^12 

ufl^ac 114)4 ^^^^s. ^#*>h^ afl^i^^t^. ^^(i20)-g- h^^.^.^^ 

A^^^ (^^i^ s:>i4» ^A^^ ^ ^cf. ojj^cfl, Al^, Ta^. TaN^, TaSiN^, 
TiN^. TiSiN^-, WN^. WSiN^ ^ ^^l^^ S^^^^l ^ $X^. ^, ^ 

^#51}- Cu^i- Cu^^^^l S^o.^ <^1^<^^ -a-^^^^^l 
€ SZc].. Ta^4 Cu^^ <^1^^, TaN^4 Cu^^ Ta^-. 

TaN^i-3!}- Cu^^l Tm^, AlCu^ ^ TiN^S^ -y-^^vo.s. ©l^.^^;^ S^^]- 

<79> olo^A-l, i 28<^1 S.^]^<=>] ^^1. *V-^ ^^(120)'^! ^^^5]^ ^ 

^ ^41- -^^^1^(130)* ^^^t!" 4^, -^^^1^(130)* 3flBl^arH ^11 

Bfl^(112)^ in^Al^]^ $^*(C/H1)# -B-^^l^dSO)^ MIM 

^1 ^S] ^>-§-Sl^ ^^^m-^S.^ Si02^, SixNy^ . SixCy^. 

SixOyNz^, SixOyCz^. AlxOy^. HfxOy^. TaxOy^ -f-i- <^]S. ^ ^ 9X^. §>-^ ^ 
^(120)ol Cu ^^^^ ^-f<=Hlfe SixNy^, SixCy^^ ^^^^ ^^S] 

(130)^S.A^ SixNy^^ SixOyCz^^ <^1^^. SixNy^^]- TEOS^^ ^1^^, SixNy^ 
4 PEOX^^ <^1^^. SixCy^4 SixOyCz^^ <*lf^^. SixCy^4 TEOS^"^ 

SixCy^4 PEOX^Sl ol^n^ -^O.^ ^A^^ ^ oXt[, o]^^^, -^^^^ 
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SixNY^S]-u2l- ^^^Sl o]^^ SixCy^^ ^S|-B]-o^ o]^D^o.5. ^A^^l-ig ^ 

<80> T^s^l^lElSl tHsIIaI^:^^ ^7] ^±S. :^]^^t]., 

<81> [^^^ 2] 

<82> c= e x{A / d} 

<85> ^, ^^>^ ^BflAl^^oll 42^- -B-^^m(130)^ ^^1^ ^el-^ ^ ^ 

cf. ^>-g-^>^ ^^o] -R-^ ^>^7> 3.9<a Si02^'a ofl^ cfl^ 345 A 2] ^^^1^ ^ 
A^5>J1, A>-§-s:>^ nj-^ol -^^ ^V^7> 7.5^ SixNy^*^ tfl^ 664 A ^ -^^^1 

S. ^^i^^ T^^'S- 5H3flAl^::fi7> 1.0fF//fln27> ^^1-. 

<86> olo^A-l, >^«. ^^o. ^A^^].7l Mn+i Bll^^ 7]:^ ^^ofl ^ 

^J-tV ^ o]^ ^.^o^ A>^ <b1zl- ^;^^o.^ 5jlBl^sr>o;| n^ai2)3\- 
(C/H1)# -^^ ^#^>^ ^1-^ ^^(140)* ^^^^Vi=l-. €^(120)-g- i^^^ 

A>-g-^ 1-^ olJ=^ ^^(140)-§- S^^^S A>-g-^ ^ 

<87> ol:f i 29^ ^^(140)* ii^s:>7l ^(150)5Jl- f-:?}- 
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PEOXn, SixOyCz^. SixOyFz^, SixNy ^ ^^^t^trf. ^jl aflAl(ii2) 

^ ^12 til]^(ii4)4 cf^ Hfl^f^^^ ^S. ^ Mn+i 511 <=>W^ Mfl^ 

<88> £ 30 tfl^l £ 31^ ^ m ^Alc^lofl vc\-^ MIM ^sflAlE^# ^^^]-7l 

<89> Di;^^^ 30jq. ^o], ^>«- ^:Q^<^^a02) ^<=^] \.i % 
^^tb ^. ^^a-^ ^^^-^^ 2flEl^^H ^11 «fl^(112) ^ ;^12 tifl^ 

(114)^ ^^^^3:4. ^^I'H^i ^11 wfl^ ^ ^12 al]^(112, 114)^ €<il^l7l7l ^tb 

<90> olo^Al £ 3121. ^ol, ^ ti11'a(112, 114)^ 

^ CMP ^^1^>«^ ^7]^^S. ^'^^JL ^^51-^ ^ ;^12 wll^ 

(112, 114)^ ^>^^t!:i=l-. 

<9i> ol^ s. 27 ^:^] S. 29» %i-2:*><^ -M^tb ^^"^l MIM 5^311^1 

<92> £ 7. £ 9 ifl^l £ 11, £ 17 1-11^1 H 19 ^ :£23 ^ £ 24^ ^2:1- 

<93> ol^]. 321- ^S^>oi £ 25<^1 £Al£lol ^ ^"^Sl ;5ll3 ^^HHl Tt\. 

^ MIM 7]n^]B\9 ;*ils^>^ wj-'^^ ^^^W. 
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<94> t}^ #^^<=a^(302) Mn ell^^ ^^^tb ^, ^} 

^ ^4 ^^-^S. sflBl^^H ^^(320) ^ ^11 mH^(322) 

^^^t!:^. *^l<^>^i, -6-^^1^(330)* ^, ^Bj^^H afl'a(322) 

^'^^V'^HlTll ^^1^ "J-^-^S. cl-<y=s>7fl :^^t}c^ S. 255^- ^SS] 

MIM 

3.7], 1-^, ol^-o^ ^ <54Zl- ^ 7]^^ 

<96> ^ ^^s] MIM THsflAlB]^ ^^ofl ;5i<a-* <?l7H>7l ^tl: afl^iol 

<?i7>3i-7i wfl^* ^#^1^17] ^ti- 

^^mA -^^^1^^ ^si^^oi oi>g 
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11 

21 

^11 ^7] ^11 ^ ;^12 wfl^ ^ 

^ -i-^ ^7] till ^3). 

31 

^11 ^12 *J-oll ^7] A]l ^ ^]2 Hll^^ -^1-^-^ ^ftSj-^ 5rj 

41 

^13 9X<^^^. ^7] m ^ wl]>«d^ 
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7]% ^^^^ ^^^'^^ ^<^] H^^l^ Xi}^6\] 

^^^^ ^J-^ ^ 

^cHl ^^^sicH >a-7l B^^l* ^fl^*>^ ^^^^ 

5] 

^]3 ^J-^l ^^^-1, ^1-71 ^ 75112 tifl^ii^ 

^7] 7]:^ ^^^^ *V-^ ^ofl ^^1«^>31, >a-7l 

^12 *J-<H1 $i<>lAl. 

^7] ^ ;^12 yfl^^ >a-7l 7]:^ ^<>\] ^^^^ ^}:^ #^^<a^^<^l 

-^■71 *>-^ ^7] m tifl^^ -^7] ^^^m-ofl Sl«fl ^^51^ ^ 

7] 
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^71 ^oil ^71 

*^ ^7] 7(\]2 ^#*>ji, 

. ^1-71 ^7] Cl-€- %-^^<^^ ^ ^7l ^^^SlJl, 

^7] m n^-t ^n^^ ^7l Tdll tifl^Ji)- ^#*>^ 

8] 

-^71 ^11 ^ ^12 yfl^^ 71^ ^o\] #^v^<?!^ ^<^1 ^ 

^7i ^v-^ ^Ets)-^ ^^^<?m- ^<Hi ^^^^ ^^^'^n 

^o\] ^^^S\JL, ^7] 4^ #^^<?!^ ^^^£]<^ ^7l >|12 Mfl^* i^#^l7l 

^ ^7] m ^^-^y^. 
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^7l ^ ^12 Hfl^^ >a-7l 71^ >a-<Hl f^^^^^ 

^7l *>:^ ^7] aflAl 3^^#ol ^^^^ 71:^ ^^ofl ^A^^ ^:^v^ 

^^^^Jl, ^7] ifl<^l ^^^^o] ^7] m 

^ ^^^^ -i-^ ^J-71 ;^12 Hfl^3ll. ^#^>ZL, 

-B-^^fl^^ >a-7l ^^^S^^ ^ ^71 ^ofl ^A^S)^, 

^71 ^7] ^ ^71 ^^^^H)- iflofl ^A^£l<>1 >S-7l 

101 

^11 ^•a-o] ^7>sl^ ;*lll Bfl^; 

^7l >^ll afl^icf ^l^olji, >a-7l m ^*?!sl<H o;t^ *>:^ 
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[^^^J- 111 

^ ^^^^ m^, 

^7] xi^o. ^v^^ ^^^jnl- tfloll ^^^5)0^ ^1-71 x^^X\7] 

slt^ ^7l ^^iLtq- efl^^l >112 aflAis). :^^^}^ ^^.^S. 
[^J^^j- 12] 

^110 ^111 *J-ofl %lc>l^i, ^1-71 >lll tifl^S] ^V^^ ^^'y 

131 

^112 iJ-ofl $Z<^^i. -^-71 ^11 afl^^ 

^7l ^J-^ ^^B^- ^oll ^^^S\o] ^7] tifl^^V^ ^^^^ S:?!^ 
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i^i^^^ 141 

^112 SX'^^'i, ^11 afl^^ 

151 

;?fll Bfl^^ ^71 71^ >a-<Hl #^^<?i^^«Hl ^^^^ afl-a 

^7] -^^^1^^ ^7l #^>^o!^ ^ >a-7] s^l-^ ^cH] ^^^£)al, 

^11 afl^-a- i::#Al^l^ ;^ll aflAi4 

^71 *>-^ ^7] #^^<a^ ^ ^7] 

dV xflofl ^A^S\o] ^7] i^#Al7l^ ^^-1-^ ^«fl ^12 ^7> 

^oi-7l -a-^ fe^ afl^j^ ^#^>^ ^^^S. ^>fe 

161 

^11 ^7>£l^ ;^ll afl^; 
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-1 ' ^ 

171 

^116 %H1 9X'^^^, ^7] ^^^invo. ufl^ ^^^^ 

^7] ^-f- ;^12 tifl^^ ^^^V^ ^^^S. *m 

18] 

19] 

^118 SZ^HH, ^7] m Wfl^ ^ ^71 
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^o\] ^^^S\o] ^7] E^^l^ ^m^}^ 

201 

7]:^ ^^^^ #^>^<?1^ ^oll ^^1*>31, ^V7l ^>«- #^V^ 

211 

^116 *J-<^1 ^^^i, ^1-71 ;^ll Hfl^ ^ ^71 t}^ ^1-71 71^0: ^oil ^ 

^71 -a-^^m^ ^7l >IU WflAl ^ ^7] 3()^s.o] ^A^^ 71:^ 

^^^1^1- vfloll ^^^5]cH ^7l ^11 W)]^^ 
^ ^71 ;^ll ^#*>J1, 

-^71 *>-^ ^71 ^^-i- -^-^ f-^V^^^ ^ ^7l 

5^1=^ ^j-71 ^1-^ ^^^^ fe^ efl^^ ;^12 ^#^>^ ^^i^S 
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